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Due to unusual, gas-like and liquid-like, properties of supercritical CO2, it has become a 
replacement for environmentally hazardous organic solvents in a variety of synthesis and 
processing. Presently, many polymer and pharmaceutical industries are taking an initiative 
to use CO2 on a commercial level. Supercritical CO2 has already been used as a solvent or 
an anti solvent in the production of small size particles varying from nanometers to 
micrometers. Its use also allows a better control over the particle morphology, shape, 
density, and the particle size distribution. The particle from gas saturated solution (PGSS) 
method has been used for the production of particles from different polymer melts. The 
PGSS method is applicable only to low viscous polymer melts. In this method, an 
expansion of a polymer-CO2 solution takes place by a supersaturation of the dissolved gas 
due to a sudden depressurization and hence, the break up of the solution results in small 
particles. In this thesis, the PGSS method has been tested and modified for the production 
of particles from low viscous poly(ethylene glycol) and high viscous polyesters using 
supercritical CO2 as a solvent. The polyesters are used in powder form for toner 
applications, while poly(ethylene glycol) is used in a controlled drug release application. 
The modified method is called expansion of gas saturated solution with excess gas 
(EGSEG). Before applying these methods, the knowledge of the solubility of CO2, the 
viscosity reduction due to the dissolved CO2 and the influence of the various parameters 
on the product quality is essential. 
 
The solubility of CO2 in a polymer is not just a pure physical phenomenon. The solubility 
of CO2 varies from one polymer to another depending on weak interactions between CO2 
and chain groups in the polymers. We have used Fourier transform–infrared spectroscopy 
(FT-IR) to reveal the interaction strengths of different polymers with CO2. Shifts in wave 
numbers, however small, have been observed with the chain groups of the polymers due to 
a Lewis-acid base kind of interaction. On the other hand, the bending mode of CO2 shows 
a significant modification in its spectra after interacting with the chain groups. From the 
width of the spectra, it has been concluded that ether group containing polymers show a 
higher interaction with CO2 compared to the polyesters. FT-IR spectroscopy is a good 
screening tool in a preliminary selection of a polymer. 
 
With the FT-IR spectroscopy only qualitative information over the solubility of CO2 in the 
polymers has been obtained. Therefore, a magnetic suspension balance has been used for 
measuring the solubility of CO2 in polyesters based on propoxylated- and ethoxylated-
bisphenol (PPB and PEB). In order to incorporate the buoyancy correction, which is 
requisite due to the swelling of polymer caused by dissolved CO2, swelling measurements 
for similar experimental conditions have been performed using an optical cell separately. 
The solubility of CO2 increases with increasing pressure and decreasing temperature for 
both polyesters. As the solubility of CO2 is high in PPB, PPB has been used as a model 
compound for the particle production using the EGSEG method. 
 
Batch experiments have been performed to test whether the PGSS method is applicable to 
PPB for the particle production. Due to high viscosity of PPB it has not been possible to 
expand the PPB-CO2 solution using the CO2 dissolved in PPB only. A batch set up has 
also been used for the generation of particles from poly(ethylene glycol) (PEG) melts of 
different molecular weights (6000 and 10000). PEG is mostly used in a drug delivery 
application for encapsulating a drug. The PGSS method is applicable to PEG due to its 
relatively low viscosity. The effect of various parameters such as pressure, temperature, 
nozzle diameter, and molecular weight on the particle size and particle size distribution 
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has been studied in detail. Different morphologies and particle sizes are possible by tuning 
the processing conditions. A solidification model has been used to explain the effect of 
temperature and pressure on the shape of the particles. For the PEG particles, with 
different morphologies such as foam or dense and different sizes, produced using the 
PGSS method, a good control over a drug release may be obtained.  
 
The dissolved CO2 causes a considerable reduction in the viscosity of the polymer due to 
an enhancement in its free volume. As the viscosity of PPB is very high, it is essential to 
know in advance about a reduction in the viscosity that can be caused by the dissolved 
CO2. A model based on the free volume theory has been used to estimate the reduction in 
the viscosity. The model shows a considerable reduction in the viscosity. For the particle 
production, a continuous set up containing mainly an extruder and a Kenics type static 
mixer has been designed and exploratory experiments have been performed. The static 
mixer has been used for mixing the polymer and CO2 as it is more economical than 
increasing the extruder length. Moreover, it has not been possible to mix them adequately 
in an extruder with high gas mass ratio. CO2 in excess to its solubility has been used in the 
particle production. An expansion of the excess CO2 enhances a break up of a polymer 
melt by creating intense disturbances on its surface. The product quality is also dependent 
on the nozzle diameter. The smaller the nozzle diameter the higher is the extensional effect 
and hence, the product morphology varies from agglomerated fibers to particles as the 
nozzle diameter increases. A core containing slots has been inserted before the nozzle, 
which provides a better homogenization. In this configuration a by product such as a small 
amount of foam is absent. On the other hand, a high temperature is necessary to overcome 
the additional extensional viscosity caused by the slots.  
 
The set up used in the exploratory experiments has been modified for high polymer feed 
rates and pressure conditions. A gear pump has been attached after the extruder to keep a 
low pressure on the extruder side (input of the pump) and a high pressure on the other 
side. An SMX static mixer has been used for a better mixing of the polymer and CO2. 
Several experiments have been performed using different diameter nozzles and cores 
under different processing conditions. Different morphologies, particle sizes and particle 
size distributions have been obtained by playing with different parameters such as nozzle 
diameter, core-slot width, pressure, temperature and gas to polymer mass ratio. In the 
absence of a core, the particle size reduces with an increasing pressure and a decreasing 
temperature. High CO2 solubility under these conditions is responsible for such results. 
Narrow particle size distributions have been obtained using this method compared to the 
grinding method. The solidification model has been used to reveal the role of temperature 
and pressure in determining the shape of the particles. An attempt has been made to 
empirically correlate the particle size with different contributions such as geometric, shear 
viscosity, surface tension, pressure, and flow using a dimensional analysis.  
 
Apart from the economical and technological advantages, the EGSEG method is very 
good from an environmental concern. A qualitative technological evaluation has been 
done which suggests that the method developed for the continuous process is a promising 
solution for the already available traditional methods. However, before replacing the 
traditional methods with EGSEG it is necessary to test also the other supercritical 
methods. Looking at rapidly increasing interest for supercritical technologies, various 
other applications of supercritical CO2 emerge such as microcellular foaming, extraction, 
polymer modification and polymerization in which supercritical CO2 replaces an organic 
solvent.  
